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Tab.1 Factors and levels of response surface

experimental design factors

K-
S
-1 0 1
X, Hf[al/h 1 1.5 2
X, p/MPa 20 25 30
X, WBE/C 30 40 50

1.3.5 A P AL
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0.1 mg, HREWRAE R 4 mL (a3 al S e AR
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Fig. 1 Influence of extraction time on

peanut oil extraction rate
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Fig.2 Influence of particle size of peanut

oil on extraction rate
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Fig.3 Influence of CO, flow on peanut oil extraction rate
A P 0 A 1G0T B, 249 = KT 20 L/h
S, A0 T AR TR B O 2 1 14 o B T AR AL R
PR, — 7 THI B s [ N 3 CO, T AR R R, CO, 78
LA 5 B B[R] /D, CO, 5 A6 AR AT RHE st 1)
AR X EEBORR, 55— 5 I B CO, it i,
I CO, WA o 62 0 B, 384 in T 4%
Hesh g, SEMIEGIN T AL B R A R 2R A
& VEEEEAE CO, T 20 L/h.

2.1.4 FEFUEATIA B ERENG YA

TEAE AT BURRL E 20 H, CO, i 15 L/h, A%
HUEE 40 °C , ZEHURHE] 1 h (9418 F, B AR
BUE 7 (20,25,30,35 MPa) XF 46 2E Tl 25 BUR A 52
M), 25 5 LA 4.

90r

80

T 20 25 30 35
FIMPa

K4 FEHUE TR AR A HOR A5
Fig.4 Influence of extraction pressure on

peanut oil extraction rate

AR IR 7 J2 5 ol e I S A U ) — AR R
BRI B, AR B g T e R I A B
Mg R e ), SR M A ERE ), th Il 4 /T LG
W UAEBUE 1/ T 25 MPa B 48 4R 3 A BURBE TR
FIH SR N, AR 1K F 25 MPa J& , 46 AR A
ORI RS | N TF R4 4 10 ff JE 25 18, 35 % 25
MPa {E R AERE UL ).

2.1.5 FRBEMIEAGERENH A

TEAEAEATSWORRLE 10 H, CO, Wi & 15 L/h, %



$F30 % 55 M

ZEPREAE . MR L T OIE AR I 5 CO, ZEMUIE A= T 205

29

HUFTE] 1 h, ZEBUE F7 25 MPa B9 F |, 5 [E 2
BURE (30,40,50,60 °C ) X 46 A i A8 BUR (1) 5210
ZER LA 5.

70+

(=3
(=]
T

P (%

U 1

A IUIRLE Xk 22 A= I AR IR B R

Influence of extraction temperature on the

Kl 5
Fig. 5

rate of peanut oil extraction

M LS BT, 245 R /N T 40 C i, BEE R E R
FhiE AR AL TR B 2 1, AH S8 B = T 40 C
Jo AR AR IR B T B B R — T T B o
T BB ZEVR R BT R R R, 5y — 7|
R EE Tl CO, %% FE A, 4545 ) o 9 e T 0855
VTR R [ O 40 C R A AR BUR .

2.2 KWERSHH

M5 AN B FR R R BUE 7 | 25 B[] R A%
HUREE X 3 A XF S g sE mm A K Y B R #4750 4T,
8 Design-Expert8. 0. 1 {45811 3 % 3 KP4t
17 AR5 (5 A Hhol 0 W R TR 43 il . 31X 17 A
RIS HPIZE, For 12 BT R o A AR B BUE AR A5
PRI 2% BT ) B = A2 T, R a5 XSt i, S
W, TG TR R 2.

2.2.1 KIBEZER

M 07 TR 6 245 2R DL 26 2.
2.2.2 HBAEIRRFHAE

X2 2 I AR HE AT Z e A IA R EIE A
TMAHCR (Y) XA HUN ] (X, ) ZEBUER T (X,) FiZE
HUREE (X,) R 0 [m] A5

Y= +94.72 +2. 81X, -2.36X, +3. 65X, —

1.91X,X, —0.39X, X, -1.91X,X, -
2.57X; -7.15X; -7.62X; .

XPIZIERI AT b 2 PR I, 25 R DL 3% 3.

M 223 A0, B P <0. 000 1, 1d I 1245 g i
W2 RII(P =0.0159 <0.05) B3, LA A7 7E
HTHHEE, FEMT R AHLRE R =
0.9852,R:, =0.966 1, PLHiZ 7 FEXT X I 05 4F
RIIR 2/ (HME . Adeq Precision =19. 011 >4, i

W2 AR ] £ 21 A 608 5 A R 245 5. B AR U, 1]
VA7 R ARG R BEAR G, DR aT LU i [l 05 075 e 5
PRI LA AT 7 Fr AT e 25 2R [m] Y AR A
FECREVER AR IR 4. NF 4 A LIE B

2 RGBTy R g gs
Tab.2 Experimental design and test results
M HHCR/ %
75 - B2
X X, X, HYME  WONE
1 -1 -1 0 81.57 82.65 -1.08
2 1 -1 0 91. 38 92.07 -0.69
3 -1 1 0 82.42 81.74 0.69
4 1 1 0 84. 62 83.53 1.08
5 -1 0 -1 77.17 77. 69 -0.52
6 1 0 -1 83.18 84. 09 -0.91
7 -1 0 1 86. 67 85.76 0.91
8 1 0 1 91.12 90. 60 0.52
9 0 -1 -1 78.36 76.76 1. 60
10 0 1 -1 75. 69 75. 86 -0.17
11 0 -1 1 88. 04 87. 87 0.17
12 0 1 1 77.74 79. 34 -1.60
13 0 0 0 94. 05 94.72 -0.67
14 0 0 0 95.28 94.72 0.56
15 0 0 0 94. 35 94.72 -0.37
16 0 0 0 94.78 94.72 0. 06
17 0 0 0 95.16 94.72 0. 44
3 AR Ty 25 A A R
Tab.3  Analysis of variance for fitted regression model
TSR P AmE B FE P WEM
MRS 777.37 9 86.37 51.60 <0.0001 W@
BR2% 11.72 7 .67 — — —
AU 10. 67 3 3.54 12.91 0.0159 B
afiiRFe 1.10 4 0.27 — — —
S0 789.09 16 — — — —
4 IERR B E TR AR

Tab.4 Regression coefficient significance test results

B A bR

95% .

95% .

T T

Intercept 94.72 1 0.58 93.36 96. 09 — —
X, 2.81 1 0.46 1.73 3.89 37.67 0.0005
X, -2.36 1 0.46 -3.44 -1.28 26.59 0.0013
X5 3.65 1 0.46 2.56 4.73 63.54 <0.000 1
XX, -1.91 1 0.65 -3.43 -0.38 8.67 0.0216
X, X5 -0.39 1 0.65 -1.92 1. 14 0.36 0.5656
X, X3 -1.91 1 0.65 -3.44 -0.38 8.70 0.0214
X% -2.57 1 0.63 -4.06 -1.08 16.66 0.0047
X% -7.15 1 0.63 -8.64 -5.66 128.63 <0.000 1
X% -7.62 1 0.63 -9.11 -6.12 145.90 <0.000 1
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Fig.6 Each two factors interact on the extraction rate of response surface map
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Tab.5 Fatty acid compositions of SFE-CO, extraction oil from peanuts

s B2 R[]/ min &2 YR it AR AR it/ %
1 26. 790 +H bR Pentadecanoic acid C,sHs0, 91 0.01
2 28. 305 PR Hexadecanoic acid C,sH3, 0, 99 11.27
3 29. 694 Tk Heptadecanoic acid C,;Hy,0, 95 0. 01
4 31.114 T iR Octadecanoic acid CygHs60, 99 3.10
5 31.922 TR (Z)-9-Octadecenoic acid C;gH3, 0, 99 45. 68
6 32.912 IR 9,12-Octadecadienoic acid C;3H;,0, 99 32.42
7 33.437 AR Eicosanoic acid CyHy 0, 99 1.50
8 34.097 11-= e 11-Eicosenoic acid CyoHig 0, 99 0.98
9 35. 675 G S 7 Docosanoic acid CyyHy, 0, 99 2.93
10 36. 356 Mi-11-—~4 IR Cis-11-Docosenoic acid Cy,Hy 0, 95 0.23
11 37.903 Z kiR Tetracosanoic acid CyyHys 0, 99 1.20
12 40. 424 ZA kR Hexacosanoic acid CyHs, 0, 90 0.10

2.93% MR 1.50% . T VULERR 1.20% . A
FEHEER 4 B SHE K SE 1 79. 32% , 32 523
1% 45. 68% VMR 32. 42% 11-—14%% 0. 98% .

3

% i

B FE VR R, 0 A8 A i A HOCRE AR A2

M) PR 28 R/ NI AR IR Ay« 28 IO EE > 2R U] > 28
BUE 7. @l CO, 26 U AR Wl A B AR T 20451
R FEBUHA] 110 min, ZEHUE J7 24 MPa, B
43 °C AL 20 H,CO, N 20 L/h, FEIZ 5%
PER A AR BCR B IA 96. 16% |, T A5 464 1 78 3
ESL B A MRRA B AR GC-MS 4Tk B,
SFE-CO, A4 26 B A6 A T 7 AN 18 F S 17 R &5 3k
78% VI I, FEL S AR R I R , 77 7 — AL A=
THAFRAE(GB 1534—2003).
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Extraction of Total Flavonoids from Blood Pummelo Peel
by Cellulase Hydrolysis

CHEN Wen-juan', CHEN Jian-fu’
(1. Department of Biological and Environmental Engineering, Zhangzhou City University , Zhangzhou 363000, China;
(2. Department of Food and Biology Engineering, Zhangzhou Institute of Technology, Zhangzhou 363000, China)

Abstract: The total flavonoids from blood pummelo peel was prepared by cellulose enzyme hydrolysis,
and the extraction yield was measured by coloration method with aluminum nitrate. The effects of parame-
ters including enzyme concentration, pH, hydrolysis temperature and hydrolysis time on extraction yield
were investigated by single factor test and orthogonal array design methods. And the notability difference
was analyzed with the statistic method of range and variance. The results showed that the optimal condi-
tions were as follows: the enzyme concentration was 5. 5% , pH was 5. 2, hydrolysis temperature was 52
°C, and the hydrolysis time was 50 min. The extraction yield of the total flavonoids from blood pummelo
peel reached up to 1.52%.

Key words: blood pummelo peel; total flavanoids; cellulase
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Optimization of Peanut Qil Extraction with Supercritical Carbon
Dioxide by Response Surface Methodology

LI Lin-jing', ZHANG Bao', LI Gao-yang'*”
(1. Longping Branch Graduate School, Ceniral South University, Changsha 410125, China;
2. Hunan Food Testing Analysis Center, Changsha 410125, China;
3. Hunan Agricultural Product Processing Institute, Changsha 410125, China)

Abstract: A method utilzing supercritical CO, fluid extraction ( SFE-CO,) technology to extract peanut
oil was described. The optimum technological conditions were obtained by single-factor and response sur-
face experiments, and the effect of parameters such as peanut granularity, extraction pressure, time,
temperature and supercritical CO, flow on extraction rate were investigated. The highest extraction rate of
96. 16% was achieved under the optimum extraction conditions of 20 mesh peanut, 20 L/h CO, flow, the
pressure of 24 MPa, and 43 °C for 110 min. The unsaturated fatty acids content of peanut oil with the
SFE-CO, fluid extraction ( mainly linoleic acid and oleic acid) reached as high as 78% , in line with the

level of first-class peanut oil standard.

Key words: supercritical CO, ; peanut oil; response surface; fatty acids
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